BACKGROUNG/OBJECTIVES: A higher educational level is associated with a healthier diet. The goal of this study was to establish whether this association is mediated by attitudes toward healthy eating. SUBJECTS/METHODS: The cross-sectional MONA LISA-NUT study was performed in 2005-2007 on adults aged 35-64 years from northern and north-eastern France. Diet quality was assessed on the basis of a 3-day food record and a validated score based on French national dietary guidelines. Specific questions investigated attitudes toward healthy eating. Multivariate analyses were used to quantify the proportion of the educational level-diet relationship that was mediated by attitudes toward healthy eating. RESULTS: Among the 1631 subjects, favourable attitudes toward healthy eating were associated with both higher educational level and diet quality. In the mediation analysis, 'organic food consumption' explained 14% (95% confidence interval (8;24)) of the educational level-diet relationship and 'attention paid to health when buying food' explained 9% (3;16). In contrast, 'attention to food choice', 'searching for information about food' and 'perceived role of eating' were not mediators of the association between educational level and diet. In a multivariate model, the attitude items together accounted for 25% (10;45) of the relationship. The mediation was more pronounced in women than in men (37% (15;54) vs 16% (1;27), respectively) and was significant for consumption of fruits and vegetables (23% (13;37)), whole-grain food (32% (15;58)) and seafood (22% (9;55)). CONCLUSIONS: Our results suggest that poor attitudes toward healthy eating in groups with low socioeconomic status constitute an additional factor (along with cost constraints) in the choice of unhealthy foods.
INTRODUCTION
A healthy diet helps to prevent type 2 diabetes, obesity, cardiovascular disease and certain cancers. 1 However, dietary guidelines are often not followed, 2 and compliance with dietary guidelines steadily falls as socioeconomic status (SES) decreases. 3, 4 In fact, SES is multidimensional 5 and can be assessed in terms of income, occupation and/or educational level. Each of these dimensions has its own causal pathway toward dietary habits. It has been suggested that the income-diet relationship is mediated by diet cost 6 and access to food 7, 8 and that the occupation-diet relationship is mediated by workplace culture, social networks 9 and future salience. 10 Lastly, the educational level-diet relationship may be mediated by attitudes toward healthy eating, knowledge about food, 11, 12 social support for healthy eating 12 and family values. 13 Education seems to be the most important social variable to explain social differences in dietary habits. [14] [15] [16] In fact, higher education not only enables the individual to acquire knowledge on food -the impact of which on diet has already been assessed 17 -but also shapes beliefs, which in turn affect attitudes and behaviour. 18 Early studies investigated the impact of attitudes toward healthy eating on the relationship between educational level and diet 12, 19 and showed that positive attitudes are associated with a healthier diet in women. This association has not been reported in men, although there is evidence to suggest that men and women differ in their attitudes toward healthy eating. 20, 21 Furthermore, the impact of attitudes toward healthy eating may differ as a function of food items, some of which are known to be more strongly linked to SES 3 (e.g., fruits and vegetables (F&V), whole-grain food, seafood, vegetable fats, vegetable oils and meat) than others (e.g., milk and dairies, sweets). Therefore, this study sought to establish whether the relationship between educational level and diet (as a whole and for several food items in particular) is mediated by attitudes toward healthy eating in women and men.
SUBJECTS AND METHODS
We studied the MONA LISA-NUT 4 population, which is a subsample from the 2005-2007 MONA LISA cross-sectional survey of cardiovascular risk factors and nutrition carried out by the three French centres participating in MONICA programme. 22, 23 The initial MONA LISA sample of 4827 men and women (age range: 35-74 years) from the Lille urban area (northern France), the Bas-Rhin county (north-eastern France) and the HauteGaronne county (south-western France) had been randomly selected from the electoral rolls. The sample was stratified by gender, 10-year age class and the number of inhabitants in the town of residence. In the MONA LISA-NUT subsample, the age range was restricted to 35-64 years. All participants were volunteers and had given their written informed consent to participation. None received compensation. The study protocol was approved by an independent ethics committee, in compliance with the French legislation on biomedical research. The participation rates were 39.8%, 53.5% and 69.4% for men and 40.1%, 47.3% and 70.7% for women in north-eastern, south-western and northern France, respectively.
Participation in the study involved (i) administration of a standard questionnaire on demographic and socioeconomic parameters, (ii) measurement of clinical data, (iii) administration of a 3-day food record and (iv) administration of a questionnaire on physical activity and dietary habits. All data were collected by trained physicians and nurses using specific protocols at the participant's home or in a health centre. Educational level was measured as the participant's stated number of completed years of full-time education (starting from primary school until graduation or dropping out). Subjects on a medically prescribed diet (due to high blood pressure, dyslipidaemia, diabetes, obesity, etc.) were identified via specific questions.
Any dietary assessment methodology is prone to a degree of misreporting or underreporting. Food records are not without errors; therefore, it may be useful to assess their completeness. 24, 25 Subjects whose stated energy intake was too low to plausibly match their energy needs (as define below) and participants with missing data were excluded from the analysis.
Food intake data were collected by trained dieticians using a prospective 3-day record and a validated food-frequency questionnaire. The data sets were collected evenly throughout the year (22.7% in spring, 27.8% in summer, 24.7% in autumn and 24.8% in winter). Portions were estimated using a validated set of photographs and coded using a food correspondence table from the Centre d'Information sur la Qualité des Aliments. 26 Diet quality was scored in terms of the French Programme National Nutrition Santé Guideline Score (PNNS-GS 2 ) (Supplementary Table 1 ). Underreporters were defined as subjects having a calorie intake of o1.05 times their theoretical basal metabolic rate (calculated according to Black et al.'s equation 27 ), as this ratio is considered to be the lowest energy intake to plausibly match the energy needs. The physical activity item was measured using the MONICA Optional Study on Physical Activity questionnaire 28, 29 and Compendium of Physical Activity by Ainsworth et al. 30 (refer to the Supplementary Information). Attitudes toward healthy eating were measured using specific questions selected from the food habits questionnaire (Supplementary Figure 1) .
Statistical analyses
Categorical variables are reported as a percentage, and continuous variables are reported as the mean (standard deviation). To establish whether the attitudes toward healthy eating mediated the educational level-diet relationship, we used the three-step framework described by Baron and Kenny. 31 This consists of assessing the relationships between (i) educational level and attitudes toward healthy eating and (ii) attitudes toward healthy eating and diet and then (iii) investigating the effect of adding 'attitudes toward healthy eating' variables to the initial regression of diet against education. This effect was expressed as the percentage mediation (1 À b 0 /b) Â 100, where b is the initial coefficient for educational level and b 0 is the coefficient when attitudes toward healthy eating are added to the model. We calculated percentage mediation in the population as a whole and for women, men, food concern variables separately and all food concern variables together.
A previous study had found that the educational level-diet relationship differed from one region to another. 4 Hence, we performed a pilot analysis to establish the presence or absence of an interaction between educational level and compliance with the PNNS-GS 2 on one hand and the region on the other. Percentage mediation of a nonsignificant relationship would have a very small denominator, and thus the confidence interval of the percentage mediation would be very wide and the results would not be interpretable. Therefore, only significant relationships allow studying mediation. Accordingly, only centres in which an educational level-diet relationship was observed were analysed further.
We studied the PNNS-GS and its components. Only PNNS-GS components for which the compliance with dietary guidelines increased significantly with the educational level and only attitudes that were significantly associated with the educational level were used in the mediation analysis. For analysis of PNNS-GS components, quantities were used instead of points (except for meat because the optimum intake has high and low boundaries).
Percentages were compared in a Mantel-Haenszel test, and mean values were compared using a generalized linear model. Analyses were variously adjusted for centre, gender, age, body mass index (BMI), energy intake, marital status, medically prescribed diet and income tax level. The occupation was measured using the first level of occupational categories (PCS 2003) 32 defined by the French National Institute of Statistics and Economic Studies (INSEE): individual farmers; craftsman, shopkeeper, business owner; managerial and professional occupations; intermediate professions; employees; workers; retired and other economically inactive. Because these categories were not specific enough to assess the occupation-diet relationship, we did not adjust the analyses for occupation.
The threshold for statistical significance was set to Po0.10 when selecting food concern variables for inclusion in the mediation analysis and Po0.05 for all other tests. We computed 95% bias-corrected and accelerated bootstrap confidence intervals using 10 000 resamples. Analyses were performed using SAS software (version 9.1, SAS Institute, Cary, NC, USA) and R software 33 (version 2.11.1 with the boot package 34, 35 ).
RESULTS
The initial MONA LISA-NUT study population was comprised of 3188 participants (1571 women and 1617 men) aged from 35 to 64 years. The participants with missing data (marital status, n ¼ 3; BMI, n ¼ 7; medically prescribed diet, n ¼ 4; income tax level, n ¼ 87; 'attention paid to health when buying food', n ¼ 33; 'organic food consumption', n ¼ 32; 'searching for information about food', n ¼ 5 and 'perceived role of eating', n ¼ 30) or having underreported energy intake (n ¼ 543) were excluded. In the regressions for each geographical area, educational level was positively correlated with the PNNS-GS in northern France and north-eastern France (both Po0.01) but not in south-western France (P ¼ 0.08). The interaction coefficient was statistically significant (P ¼ 0.003). Subsequent analyses were therefore performed on the sample of 1631 participants (817 women and 814 men) from northern and north-eastern France. The mean age was 50 ± 8 years for women and 50 ± 9 years for men; 23% of the participants had a medically prescribed diet; the mean energy intake was 2227 ± 560 kcal/day; the mean BMI was 26 ± 5 kg/m 2 ; 83% of the participants were married or living with a partner; 46% of the participants were living in northern France; 54% were living in north-eastern France and 79% were subjected to income tax.
The participants' characteristics by educational level are described in Table 1 . Two hundred and sixteen subjects (13%) had received formal education for o9 years, 628 (39%) had received between 9 and 12 years and 787 (48%) had received 412 years. The higher educated people had a lower BMI (Po0.01), tended to be younger (Po0.01), were more likely to be male (P ¼ 0.02) and were less likely to have a medically prescribed diet (Po0.01).
The higher educated people paid more attention to health when buying food (P ¼ 0.05) and ate organic food more frequently (Po0.01). In contrast, the higher educated people were less likely to search for information about food (P ¼ 0.09) or consider that diet was a way of staying healthy (Po0.01). The amount of attention paid to food choice was not significantly associated with the educational level (P ¼ 0.41) ( Table 1) .
The higher educated people were more likely to comply with dietary guidelines (Po0.01) ( Table 2 ). The compliance with dietary guidelines increased significantly with the educational level for intakes of F&V (Po0.01), whole-grain food (Po0.01), meat (Po0.01), seafood (Po0.01), the proportions of vegetable fats and oils (P ¼ 0.01) and alcohol intake (P ¼ 0.01). The compliance with dietary guidelines decreased significantly with the educational level for pastries and sweetened foods (Po0.01) intakes.
The food concern variables positively associated with the PNNS-GS were 'attention paid to health when buying food' (Po0.01), 'organic food consumption' (Po0.01), 'searching for information about food' (Po0.01) and 'perceived role of eating' (Po0.01) ( Table 3). Supplementary Table 2 presents the association between food concern variables and the PNNS-GS items for which the compliance with dietary guidelines increased significantly with the educational level. The 'organic food consumption' variable was significantly associated with all food items, 'attention paid to health when buying food' was significantly associated with all food items other than meat and 'searching for information about food' was significantly associated with all food items other than meat and the proportion of vegetable fats and oils. In contrast, 'perceived role of eating' was not significantly associated with any food items shown in Supplementary Table 2 . Table 4 shows the changes in the educational level coefficient (b) for the regression of the diet quality score (PNNS-GS) with and without inclusion of attitudes toward healthy eating. The regression coefficient for educational level against the PNNS-GS was 0.32 (0.25;0.48); when all the attitudes toward healthy eating were added to the model, the coefficient decreased to 0.25 (0.16;0.34). This decrease suggests that attitudes toward healthy eating mediated 25% (10;45) of the educational level-diet relationship. Significant mediators were 'attention paid to health when buying food' (9% (3;16) ) and 'organic food consumption' (14% (8;24) ).
Likewise, attitudes toward healthy eating accounted for 23% (13;37) of the relationship between educational level and F&V intake, 32% (15;58) of the relationship between educational level and whole-grain food intake and 22% (9;55) of the relationship between educational level and seafood intake ( Table 5) .
The mediating effect of attitudes toward healthy eating was more pronounced in women, where it accounted for 37% (15;54) of the relationship between educational level and diet, 34% (16;80) of the relationship between educational level and F&V intake and 77% (26;145) of the relationship between educational level and whole-grain food intake (vs 16% (1;27), 19% (3;39) and 13% ( À 6;44) for men, respectively) ( Tables 4 and 5 and  Supplementary Table 3) . When the relationship between educational level and a PNNS-GS item was not statistically significant (e.g., meat), the corresponding mediations were not assessed.
DISCUSSION
In this study, we sought to gain a better understanding of the relationship between educational level and diet. Higher educated people complied more closely with dietary guidelines and expressed positive attitudes toward healthy eating more frequently than poorly educated people did. In parallel, people who expressed positive attitudes toward healthy eating were found to have a healthier diet. In our multivariate models, favourable attitudes toward healthy eating accounted for approximately 25% of the educational level-diet relationship. This mediation was twice as strong in women as in men and mainly concerned food items with healthful connotations. Our results suggest that attitudes toward healthy eating do indeed mediate the educational level-diet relationship. Abbreviations: ANOVA, analysis of variance; BMI, body mass index; F&V, fruits and vegetables; MET-h/week, metabolic equivalents-hours per week; PNNS-GS, French Programme National Nutrition Santé Guideline Score (score from 0 ¼ low to 15 ¼ high). a P-trend calculated with ANOVA was adjusted for sex, age, centre, BMI, medically prescribed diet, energy intake, marital status and income tax level.
Education, attitudes toward eating and diet J Lê et al
We found that higher educated people were more likely to hold the following attitudes toward healthy eating: 'attention paid to health when buying food', and 'organic food consumption'. In contrast, higher educated people were less likely to cite health in the perceived role of eating. However, the participant had to rank pleasure and health. This result may therefore be due to the higher educated participants' attachment of greater importance to pleasure in food and lower importance to health. This result may also be due to a residual confounding of the medically prescribed diet variable: higher educated people were less likely to have a medically prescribed diet and thus were less likely to consider that diet was a way of staying healthy.
The fact that the mediation values observed here were independent of income suggests that poor attitudes toward healthy eating in groups with low SES constitute an additional factor (along with well-documented cost constraints 36, 37 ) in unhealthy food choices. Our finding is consistent with some (but not all 38 ) studies performed in the Netherlands, Belgium, Germany, 19 Australia 12 and the United States and extends these observations to northern and north-eastern France. Education can help to adopt prevention messages, increase self-esteem and boost the feeling of control over one's own health (reflecting a greater internal locus of control). This may result in favourable attitudes concerning the effects of diet on health. In turn, these favourable attitudes may affect the food choices made by higher educated people.
In this study, the percentage mediation explained by positive attitudes was approximately 25% (i.e., a moderate effect size). However, this interpretation must be tempered by the choice of the estimators and the potential for residual confounding, such as underadjustment for the other dimensions of SES (occupation and using the income tax level as a proxy for wealth). Two specific attitudes toward healthy eating ('attention paid to health when buying food' and 'organic food consumption') were mediators of the educational level-diet relationship. 'Organic food consumption' had the largest effect (14% (8;24)); this may be due to the fact that health is the prime motive for consuming organic food. 39 The relationship between educational level and diet was stronger in men than in women. This could be because (on average) women have a better diet than men. Furthermore, less educated men are more likely to have physical jobs that require a higher-energy diet. Mediation of the educational level-diet relationship by attitudes toward healthy eating was twice as strong in women as in men. The latter finding confirms previous reports 12, 19 of partial mediation in women. This difference may be explained by the fact that women tend to express greater health concerns, are more motivated to diet and are more likely to be responsible for meal preparation. 21 Conversely, a man's diet might reflect his spouse's/partner's food choices more than his own preferences.
We found that attitudes toward healthy eating explained a part of the relationship between educational level and intake of three food items (F&V, whole-grain food and seafood). It is noteworthy that F&V, whole-grain food and seafood are strongly promoted by the French PNNS guidelines. Educated people are more receptive to nutritional messages and thus more likely to adapt their dietary habits. Furthermore, not all types of food consumption were associated with the educational level. In agreement with the literature, 3 F&V, whole-grain food, meat, seafood, vegetable fats and oils, pastries and sweetened foods and alcohol intakes were associated with the educational level. Lastly, the lack of statistical power for certain items (meat and salt) may have prevented us from observing mediation.
To study mediation, one has first to hypothesize a causal relationship between educational level, attitudes toward healthy eating and diet. Although a causal explanation is plausible, it cannot be proved. In another hypothesis, educational level, health Table 3 . Relationships between the diet quality score (PNNS-GS) and the attitudes toward healthy eating concerns and diet are part of a common behavioural pattern. For example, the association could be explained by the habitus concept developed by Bourdieu. 40 The habitus is a set of tendencies, patterns of actions and perceptions resulting from the internalization of sociocultural norms as part of the socialization process. Class is determined by combining varying degrees of social, economic and cultural resources. Individuals of the same class are subject to the same socialization processes and therefore their behaviour, tastes and lifestyles become closer until they form a class habitus. Education level, health concerns and food are expressions of this class habitus. Diet depends on each class's idea of how food affects the body. Lower classes are more concerned about strength and look for cheap, high-calorie products; upper classes are more concerned about health and therefore look for tasty, healthy foods. Educational level, attitudes toward healthy eating and diet could therefore be different Education, attitudes toward eating and diet J Lê et al markers of class and habitus. In the absence of a direct, causal relationship, these markers may nevertheless be intercorrelated. This study had several other limitations. The data are crosssectional, and so it is not possible to study changes in relationships over time. Furthermore, the attitudes toward healthy eating assessed in this study had a limited range because the data came from an earlier study that was not designed to detect educational level-diet mediation.
This study had a number of strengths. The study population was large and thus enabled us to assess the influence of attitudes toward healthy eating in each gender separately. Diet was accurately measured using a prospective 3-day food record and a validated food-frequency questionnaire. Furthermore, a registered dietician validated the dietary assessments during face-toface interviews, and energy underreporters were excluded. This limits the social desirability bias for reporting nutritional intake. Lastly, diet quality was assessed using a validated score (based on guidelines from the French Ministry of Health), and confidence intervals were calculated using a bootstrap method and 10 000 resamples.
The educational level-diet relationship in this study was partially mediated by attitudes toward healthy eating. Although the contribution of these attitudes may have been underestimated, it is likely that other variables are also mediators. These might include social support for healthy eating, 12 nutritional knowledge, 11 family values, 13 self-efficiency (i.e., organizational ability), limited skills and experience with food, snacking opportunities 4, 41 and the consumption of 'less healthy' takeaway food. 42 In conclusion, our results suggest that poor attitudes toward healthy eating in groups with low SES constitute an additional factor (along with cost constraints) in the choice of unhealthy foods. Attitudes toward healthy eating explain a part of the educational component of the relationship between SES and diet but are not the only explanatory factor. Further assessment of these additional factors is required.
